Objective: To evaluate the burden of diabetes mellitus (DM) in adult patients with acromegaly treated with second-line pharmacotherapy, from the perspective of the Spanish National Health System (NHS). Methods: A Markov model was developed including three states: normal glucose metabolism, DM and death. The evolution of a hypothetical cohort of acromegaly patients requiring second-line pharmacological treatment (pegvisomant or pasireotide) after first generation somatostatin analogues therapy was analyzed. Direct healthcare costs regarding acromegaly management, diabetes management and drugs costs were obtained from Spanish sources. Transition probabilities between health states were obtained from published studies. Deterministic and probabilistic sensitivity analyses were undertaken. Results: Compared to pasireotide, pegvisomant increased the likelihood of glucose normalization and reduced the likelihood of DM. Consequently, in a cohort of 1,000 patients with acromegaly, treatment with pegvisomant compared to pasireotide would prevent 243, 413 and 453 cases of DM after 1, 2 and 5 years, respectively, and would reduce mortality by 0.1% after 5 years of treatment. This would result in 1 million euros savings for the NHS in 5 years. These health benefits would be obtained with savings of €1,512, €3,422 and €10,162 per patient treated with pegvisomant, after 1, 2 and 5 years, respectively. After 5 years of treatment, the probability that pegvisomant generated savings versus pasireotide would be 65.3%. Conclusion: The favorable effects of pegvisomant on glucose metabolism would allow a considerable number of cases of DM to be avoided compared to pasireotide, resulting in savings for the NHS in Spain.
Introduction
Acromegaly is a disease resulting from excessive production of growth hormone (GH) by the pituitary gland. It is caused in the vast majority of cases by a GHproducing adenoma and, in rare cases, by an ectopic secretion of growth hormonereleasing hormone (GHRH). 1 Treatment goals in acromegaly include managing tumour growth, normalising high levels of GH and insulin-like growth factor 1 (IGF-1), managing disease symptoms, improving quality of life, managing comorbidities and preventing premature death. 1 At present, there are three treatment modalities for acromegaly: surgery, pharmacological treatment and radiotherapy. Surgery is a first-line treatment in most patients. Pharmacotherapy is the treatment of choice in patients with significant surgical risk, or a complementary treatment after surgery failures or until radiotherapy becomes effective. Currently, first generation somatostatin analogues (SA) (octreotide, lanreotide) are the treatment of choice when surgery is not curative. 1 Pegvisomant is a GH analogue genetically modified to be a GH receptor antagonist approved in US as first line pharmacological treatment. It is indicated in Europe for the treatment of adult patients with acromegaly who have had an inadequate response to surgery or for whom surgery is not appropriate and who have had an inadequate response to SA or the SA was not tolerated (second-line pharmacological treatment). 2 Pasireotide is a new (second generation) SA also approved in Europe as a second-line pharmacological treatment. 3 Abnormal glucose metabolism is frequent in acromegaly patients at diagnosis, primarily due to a reduced insulin sensitivity mediated by the increased levels of GH and IGF-1. In fact, diabetes mellitus (DM) is one of the comorbidities that most often contribute to the increased cardiovascular mortality in patients with acromegaly. 4, 5 Moreover, these abnormalities may increase or improve depending on the drug used to treat acromegaly. While SA appear to have a neutral effect on glucose metabolism, 6 pasireotide has been found to cause, compared to classic SA, increased fasting plasma glucose (FPG) and glycated haemoglobin (HbA1c), thereby causing a higher incidence of hyperglycaemia adverse events that are drug-related, including DM. [7] [8] [9] [10] In contrast, pegvisomant has favourable effects on glucose metabolism, since it improves insulin sensitivity, decreases FPG, improves glucose tolerance and decreases HbA1c levels, even in patients with glucose intolerance or DM. 11, 12 Taking into account the different profile of pasireotide and pegvisomant on glucose metabolism, and the healthcare and economic impact of DM, a modelled analysis was proposed aimed to assess the healthcare and economic burden of DM in adult patients with acromegaly receiving second-line drug treatment, from the perspective of the Spanish National Health System (NHS). 
Methods

Summary of the economic model
Patients
The evolution of a hypothetical cohort of 1,000 patients with acromegaly requiring second-line pharmacological treatment (refractory to surgery and to treatment with the SA octreotide and/or lanreotide) was simulated. The prevalence of DM in the initial cohort was assumed to be 30.7% according to the analysis of the Spanish population in the ACROSTUDY observational study 14 and in line with other Spanish data, such as the REA registry. 15 
Markov model
The model is shown in Figure 1 . 
Duration of cycles and time horizons
The cohort transitions between the different states were analysed in one-year cycles.
The time horizons analysed were 1-, 2-and 5-years. These were determined considering that the vast majority of glucose abnormalities in patients with acromegaly treated with pasireotide would occur over the first two years of treatment. 9, 10 However, it is useful to perform longer-term simulations to have a better picture of the evolution of the cohort. 13 Therefore, a 5-year time horizon was also considered. In this case, it was assumed that there were no transitions from the NGM state to DM neither in pasireotide nor in pegvisomant treatments from year 2 to year 5.
Annual transition probabilities
All transition probabilities (P t ) were calculated based on rates using the formula Pt =1-EXP(-Rt), where R is the rate and t is the time in which the rate was obtained. 17 If t was longer than 1 year, the Rt value was divided by the number of years of follow-up, 17 since it was not possible to determine the annual distribution over the period due to a lack of disaggregated data. The mean values of the transition probabilities were estimated based on clinical studies, as indicated below. The minimum and maximum values of these probabilities were assumed to be ±20% of the mean value. The standard deviation of the mean was calculated for a normal distribution. The transition probabilities of the model are summarised in Table 1. 9,18-22 Most probabilities were estimated based on observational safety studies, 18, 19, 21 with the exception of the randomised clinical trial PAOLA, 9 and the combined analysis of population studies FRESCO 20 ( Table 2 ).
The annual transition probability from NGM to DM in pegvisomant treated patients was obtained from the data of patients treated in monotherapy in ACROSTUDY observational study. 18 In pasireotide treated patients, the mean value was obtained from ACCESS observational study 19 and the extreme values from PAOLA clinical trial 9 (Tables 1 and 2 ).
The transition probabilities from NGM to death and from DM to death were calculated based on the Spanish FRESCO study, a combined analysis of 12 studies in diabetic patients without acromegaly 20 (Tables 1 and 2 ). It was assumed that these annual probabilities of death are the same for both pegvisomant and pasireotide treated patients. The annual transition probability from DM to NGM in pegvisomant treated patients was calculated based on the German GPOS observational study 21 (Tables 1 and 2 Table 1 Model transition probabilities between different states for pegvisomant and pasireotide. Annual transition probabilities (Pt) were calculated using the Rate (R) and time (T) extracted from the referenced studies using the formula Pt = 1-EXP(-Rt). SD was calculated using the maximum and minimum Pt obtained from the referenced studies kind have been described in patients treated with pasireotide, 22 so a zero probability was assigned (Tables 1   and 2 ). All other transition probabilities were calculated as complementary to the above mentioned probabilities ( Table 1) .
Costs of Markov states
Three direct healthcare costs were taken into account: (i) the annual cost of treatment with pegvisomant or pasireotide; (ii) the annual cost of clinical management of acromegaly (excluding the cost of acromegaly-specific treatment); and (iii) the annual cost of clinical management of DM. The state of death was considered cost-free. All costs were updated to 2018 ( Table 3) . The estimated annual cost of clinical management of acromegaly was obtained from a Spanish study by Roset et al, 23 considering costs of medical visits, examinations and hospitalizations and excluding acromegaly treatment costs (drugs, surgery and radiotherapy). The average annual cost per patient with DM was calculated based on a review of seven Spanish studies by the Spanish Agency for Healthcare Technology Assessment (AETS) 24 and a recently published Spanish study. 25 This cost comprises only direct healthcare costs associated to DM. The minimum and maximum costs of both Markov states were estimated at ±20% of the mean value obtained from the literature. The standard deviations used for the probabilistic analysis were calculated for normal distributions. Pegvisomant is available in five different dose presentations (10, 15, 20, 25 and 30 mg). The annual cost of a patient treated with pegvisomant was calculated considering a mean daily dose of 15 mg/day, according to the mean dose used in Spanish ACROSTUDY patients, 14 where this drug was administered over a mean period of 6.7±2.1 years (Table 3 ). Minimum and maximum annual costs were calculated considering 10 mg/day and 25 mg/day doses, respectively, in line with the mean dose and standard deviation in ACROSTUDY 14 ( Table 3 ). The annual cost was calculated based on an assumption of 365 days of treatment. A deduction of 7.5% (25 and 30 mg presentations) or 15% (10, 15 and 20 mg presentations) was applied to the ex-factory price in accordance with current regulations. 26 Due to the lack of published data on the mean dose of pasireotide in clinical practice, the annual cost of pasireotide was calculated assuming that 50.6% of patients initially treated with the starting dose of 40 mg/28 days had their dose increased to 60 mg/28 days during a year of treatment, as observed in a pasireotide pivotal study. 8 Therefore, the mean dose of pasireotide used in the model was 50.1 mg/28 days (Table 3) . Minimum and maximum annual costs were calculated considering the 40 mg/28 days and 60 mg/28 days doses, respectively, in line with the summary of product characteristics. 3 Since the cost per mg of pasireotide differs between its 40-mg and 60-mg presentations, both costs per mg were weighted by the use of each presentation to calculate the mean cost of treatment with pasireotide. Minimum and maximum costs were calculated using the price of 40 mg and 60 mg presentations respectively. The annual cost was also calculated based on an assumption 365 days of treatment. A deduction of 4% was applied to the ex-factory price in accordance with current regulations. 26 
Analyses performed and presentation of results
A deterministic analysis with a fixed result, using the mean values of all variables (probabilities and costs) was performed. In addition, a probabilistic analysis in which the result differs each time the analysis is repeated, using random values for each variable, was performed. 13 The probabilistic analysis was performed using a second-order Monte Carlo simulation (taking into account both individual variability and the uncertainty of the model's parameters [probabilities and costs]). 13 As recommended, the probabilities were adjusted to beta distributions and the costs were adjusted to gamma distributions. 13, 27 Results are presented as the evolution of the prevalence of DM in the cohort of adult patients with acromegaly treated with pegvisomant or pasireotide and as the incremental cost per patient treated with pegvisomant instead of pasireotide and the probability of pegvisomant generating savings.
In addition, three further deterministic sensitivity analyses were performed: (i) considering a DM initial prevalence of 28.0%, based on the minimum prevalence reported in other European patients with acromegaly, corresponding to a cohort of Belgian patients; 28 (ii) considering an initial DM prevalence of 52.5%, based on the maximum prevalence reported in other European patients, corresponding to a cohort of Dutch patients; 29 and (iii) assuming a possible scenario in which pasireotide-treated patients without normalization of IGF-1 after 1 year of treatment (74% of patients in PAOLA clinical trial) 7, 22 change to pegvisomant in year 2 and, therefore, the cost of pegvisomant is attributed to pasireotide from year 2 onwards.
Results
Healthcare impact
The deterministic analysis showed an absolute reduction in the number of cases of DM by 24.3% in year 1, 41.3% in year 2 and 45.3% in year 5 in patients with acromegaly treated with pegvisomant, compared to pasireotide (Figure 2 ). In addition, the expected number of mortality cases was slightly reduced by 0.1% in year 2 and 5 ( Figure 2) . Therefore, in a cohort of 1,000 patients with acromegaly, treatment with pegvisomant would prevent 243, 413 and 453 cases of DM after 1, 2 and 5 years, respectively, compared to pasireotide (Table 4) .
Economic impact
Taking into account the annual cost of the patient with DM (Table 3) , it is estimated that, in a cohort of 1,000 patients with acromegaly, prevented cases of DM by pegvisomant treatment would result in savings ranging from €558,239 in year 1 to €1,040,668 in year 5 (Table 4) . For a 1-year time horizon, treatment with pegvisomant would generate savings of 4.6% (-€1,512) per patient (Table 5) . Assuming a 2-year follow-up period, the savings would be 5.3% (-€3,422) per patient. For the 5-year time horizon, the additional savings would be 6.5% (-€10,162) per patient (Table 5 ). According to the probabilistic analysis, the probabilities of savings with pegvisomant versus Abbreviation: SD, standard deviation. pasireotide would be around 65.3% for the 5-year time horizon (Table 5) .
According to the results of the sensitivity analysis, assuming a prevalence of DM of 28.0%, the savings with pegvisomant versus pasireotide would be 5.5% (€8,367) per patient for the 5-year time horizon. Assuming an initial prevalence of DM of 52.5%, the savings with pegvisomant versus pasireotide would be 5.4% (€8,334) per patient for the 5-year time horizon.
The results of the sensitivity analysis, considering the rescue treatment with pegvisomant in patients with an inadequate response to pasireotide in year 1, show that the savings per patient would decrease in year 2 from €3,422 (base case) to €2,520 per patient. The probability of pegvisomant generating savings would decrease from 64.9% to 57.7%.
Discussion
Pegvisomant and pasireotide are two second-line pharmacological treatments for acromegaly with different mechanisms of action and different efficacy and safety profiles. When choosing one treatment or the other it is important to consider patient characteristics and disease activity, but also drug characteristics and its suitability for the patient. It is also important to remember that the acromegaly therapy should be tailored on patients' characteristics, including glucose and tumour status.
Pasireotide shows a higher incidence of hyperglycaemia-related adverse events, including DM, compared to other SA. In fact, this is one of the most common reasons of treatment discontinuation [7] [8] [9] [10] 19 although an adequate treatment of glucose abnormalities could minimize the potential impact on morbidity or mortality. This hyperglycaemic effect seems to be more remarkable in patients with a pre-existent impaired glucose homeostasis. 9 Due to its greater affinity for SSTR5 receptors over SSTR2 receptors, pasireotide causes a potent suppression of insulin and incretin secretion, with minimal suppression of glucagon secretion and no impact on insulin sensitivity; inducing an increase in glucose levels. 30 Pegvisomant improves insulin sensitivity by blocking GH effects without directly affecting the synthesis of insulin or other pancreatic peptides, 11, 31 resulting in a decrease in FPG and HbA1c levels. In fact, ACROSTUDY patients with DM treated with pegvisomant showed a significant mean reduction in FPG compared to baseline in years 1 and 4.
14 Management of acromegaly should be focused not only on biochemical (normalisation of GH and IGF-1 levels) and tumour size control, but also on the control of associated comorbidities such as diabetes. 32 In fact, diabetes contributes to the increased mortality in patients with acromegaly and correlates with other cardiovascular risk factors. 33, 34 In addition, diabetes has a significant economic impact, a variable to be taken into account when selecting a treatment for acromegaly.
According to the results of this analysis, second-line treatment of adult acromegaly patients with pegvisomant The probabilistic analyses confirm the robustness of the proposed economic model, showing that the probabilities of savings using pegvisomant range from 60.2% to 65.3%. In the univariate deterministic sensitivity analysis, including the rescue treatment with pegvisomant in year 2 for patients with an inadequate response to pasireotide at year 1, pegvisomant would still generate savings (€2,520 per patient), although at a lower probability (57.7%).
This economic model has, however, several limitations. Firstly, it has the limitations inherent to a theoretical model, which, nevertheless, is a useful simulation of clinical reality. 35 Secondly, due to the absence of clinical studies directly comparing the two treatments, most of the model's probabilities were taken from three observational studies, 18, 19, 21 one randomised clinical trial of pasireotide versus SA 9 and one combined analysis of Spanish population studies 20 with different population sizes and duration of treatment ( Table 2 ). The lack of real-world data on pasireotide drug usage in Spain is also a limitation. Thirdly, this analysis is specific to Spain NHS costs and may not apply to other countries. Fourth, this model does not take into account other possible costs related to acromegaly and diabetes, such as costs due to loss of productivity and other indirect costs, or the impact on the patient's quality of life. Fifth, there is no analysis of the costs of combined therapy using first-generation SA + GH receptor antagonist, taking into account that half of the Spanish patients of the ACROSTUDY study 14 were treated with monotherapy. Finally, the economic model only includes diabetes-related costs. However, the two drugs compared differ in many other aspects, ie the liver enzyme abnormalities under pegvisomant, the different need of MRI follow up given the tumour reducing effect of parireotide, and the absence of such tumour reduction during pegvisomant treatment.
Recently, two systematic reviews have been published on the cost-effectiveness of pharmacological treatments for patients with acromegaly. 36, 37 Neither the review of Leonart et al 36 nor that of Orlewska et al, 37 identified any comparative economic analysis of pegvisomant and pasireotide that took into account the specific impact of diabetes mellitus as an important cost driver in the acromegaly management. In summary, according to this model, the favourable effects of pegvisomant on glucose metabolism would enable the prevention of a considerable number of cases of DM compared to pasireotide, with savings up to 6.5% of the total treatment cost, in Spain.
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